Purpose: The systematic study of visual phenomena such as eye closure (ECLS), eye-closed/fixation-off sensitivity (FOS) [terminology proposed as eye-condition sensitive (ECS) epilepsy] distinct from photosensitivity is rarely explored in literature. Methods: Clinical, electroencephalographic (EEG) and imaging records of patients attending an epilepsy clinic were screened. Inclusion criterion was demonstrable electrographic visual sensitivitiy in the form of ECS parameters with/without photosensitivity. Subsequently, detailed analysis of their data was undertaken. Results: Fifty two patients had one or more ECS parameters. Mean age of onset of epilepsy of the cohort was 10.26 AE 7.79 yrs. A family history of seizures was noted in 17% of the cohort. ECLS, FOS, combination of both, co-existent scotosensitivity and photosensitivity were noted in 32.6%, 48.1%, 19.2%, 23.1% and 30.8% respectively. Epilepsy syndromes included late-onset childhood occipital epilepsy-Gastaut variant (23.1%), reflex occipital lobe epilepsy with ECS without photosensitivity (21.2%), idiopathic photosensitive occipital epilepsy (13.5%), genetic generalized epilepsy (13.5%) and symptomatic epilepsy (28.7%) predominated by patients with posterior cortex gliosis or who were imaging negative. The idiopathic group also had lower seizure score and marked sleep activation of epileptiform abnormalities. Co-existent phostosensitivity was associated with a significantly higher predisposition for female gender, ECLS, generalized seizures and spikes with lower prevalence of FOS and extra-occipital spikes. Parietooccipital spikes were noted in 88.4% patients. Conclusion: Syndromic heterogeneity is evident in ECS epilepsies. These form a unique subset of visualsensitive epilepsy syndromes with focal or generalized seizure subtypes of idiopathic or symptomatic etiologies, with and without associated photosensitivity.
Introduction
Visual sensitive epilepsy is the most common type of reflex epilepsy, yet not a distinctively recognized homogenous entity [1] [2] [3] . Visual sensitivity is defined as the susceptibility towards seizures which are triggered by physical characteristics of visual stimuli and not by their perceptual properties [4] . Some of the well known triggers for visual sensitivity include sunlight, flicker and patterns such as stripes [5] . Visual sensitivity in an epilepsy cohort can either be evident on directed questioning, following inciting stimuli such as video game or television viewing or manifest as apparent unprovoked seizures including generalized onset with motor, (myoclonic) and non-motor seizures (absence). Focal-onset seizures triggered by visual stimuli associated with visual auras are uncommon but these may be under-diagnosed. Apart from intermittent photic stimulation, different eye-conditions such as eye-closure, interruption of fixation and eye open/closed states in darkness and bright light have also been reported to induce interictal epileptiform discharges (IED) in electroencephalography (EEG) [6, 7] . However, the combined prevalence and electro-clinical correlates of these specific parameters of visual sensitivity has been rarely studied in detail [1, 8] or is lost in discussions on light characteristics such as photo-or scotosensitivity. This study was aimed to ascertain the phenotypic characteristics of what may be termed as "eye-condition" sensitivity (ECS) [8] such as eye-closure, eye-closed/fixation-off sensitivity in a cohort of epilepsy patients attending the outpatient and inpatient care in a tertiary referral centre and to categorize the electro-clinical characteristics in this cohort of reflex ECS epilepsy patients.
Methods
This was a descriptive study based on the prospectively maintained database of electronic records of patients who attended at the comprehensive epilepsy care centre at a tertiary referral hospital situated in the city of Trivandrum, Kerala, south India over 5 years.
Inclusion criteria
Those patients who demonstrated visual sensitivity as captured in any single EEG record, which was available for review, by any one or more of the following parameters were included-1) Eye-closure 2) Eye-closed/Fixation-off sensitivity with and without scotosensitivity. Definitions of each of these parameters considered for inclusion are as below.
i) Eye closure sensitivity (ECLS): Eye closure was defined as the period immediately after eye closure and lasting for 3 s or less. IED on EEG induced by eye-closure was referred to as ECLS, characterized by generalized and transient abnormalities appearing within 3 s after closing the eyes and lasting for 1-3 s ii) Eye closed/fixation-off sensitivity (FOS): The period lasting for more than 3 s and persisting as long as the eyes remain closed or when fixation was interrupted. Since prolonged eye closure leads to interruption of fixation, these terms were used together in this study. EEG abnormalities related to this condition constituted eye-closed sensitivity (ECLDS), which may be continuous or repetitive, generalized or focal, unilateral or bilateral and persisting as long as the eyes are closed. FOS was additionally tested by placing a sheet of white paper, 20 cm in front of the subject, with the eyes open without fixating as Frenzel lenses were not available at our centre. iii) Scotosensitivity (SS): Elimination of retinal light stimulation by complete darkness in the room and presence of epileptiform abnormalities irrespective of eyes open and closed states under this condition was considered as SS.
Exclusion criteria
Isolated photosensitivity on EEG without atleast one demonstrable ECS parameter mentioned above, or normal EEG were considered exclusionary. Photosensitivity (PS) was defined by reproducible Grade III/IV photoparoxysmal discharges, photoconvulsive responses on photic stimulation at standard frequencies of 1Hz-30 Hz.
Being a retrospective study, any default of the EEG protocol as detailed below could not be corrected and in case inadequate testing or non availability of tests was discovered during the review, such records were marked for exclusion from the study. This was done to maintain uniformity in data acquisition and to avoid sampling bias.
Standard protocol for EEG acquisition
EEG was performed with a standard arrangement of 10-20 international electrode placement. EEG was recorded for a minimum duration of 30 min and sleep record was obtained for at least 15 min. Duration of recording was extended with prolonged sleep period (1-2 h) and longer period of awakening from sleep on case based criteria (e.g., JME). Patients undergoing EEG recording were sleep deprived the prior night and at least an overnight record was available in those patients who underwent video EEG (VEEG) for apparent refractoriness of seizures or for exclusion of non-epileptic events. EEG interpretations were done independently by 2 certified epileptologists with atleast 5 years experience in EEG (RM & AR) and in case of disagreement the interpretation was finalized after a joint meeting. During the awake state, all patients underwent testing in eye-open and eyeclosed (the duration of eye-closure lasted more than 10 s) states for activations as discussed above, at least thrice during one EEG recording along with hyperventilation and intermittent photic stimulation tests.
Definition of parameters
The definition of ECS parameters and EEG response was defined as per standard definitions proposed in literature as mentioned in the inclusion criteria and are depicted in Fig. 1 [9] .
Clinical details
Demographic factors, seizure type and frequency, etiology, family history, pharmacotherapy and clinical history of visual sensitivity, if available, were noted. Details with regard to episodes of visual auras, eyelid blinking on exposure to light, self induction phenomenon, pulling sensation of eyes, behavior arrest or confusion, tonic head and eye deviation and generalized-onset seizures (motor/non-motor) were recorded. EEG data analyzed included presence of focal or generalized spikes with additional focus on posterior cortex IED (posterior temporoparieto-occipital), symmetry of discharges, activation during sleep, presence of visual sensitivity parameters (ECLS, ECLDS/FOS) and documentation of seizures recorded, if any. Radiological data if available was also noted. Categorization of the patients in to idiopathic and symptomatic groups was based on history, the presence of neurological co-morbidities, focal or generalized background slowing, IED, seizure frequency and/or radiologically demonstrable epileptogenic lesion as mentioned in the ILAE 1989 classification system. This was preferred over the current ILAE 2010 classification schema so as to achieve a pragmatic classification of the epilepsy syndromes in the cohort into these two groups for comparison purposes. Seizure frequency was graded by utilizing modified Engel seizure score based on seizure status at the time of evaluation [10] .
Statistics
Data was tabulated in and statistical analysis was done by using Statistical Package for the Social Science Statistics for Windows version 21 (Armonk, NY: IBM Corp). Fisher's Exact Test was used to compare qualitative variables for test of independence between groups and for test of goodness of fit when appropriate and the non-parametric Mann Whitney U Test to compare quantiative variables; statistical significance was accepted at p < 0.05. Relative risk (RR) was computed when the probability of an event occurring between two groups was needed.
Results

Demographic data
Out of 10,529 EEG and 3012 vEEG records, 52 patients who met the inclusion criteria of objectively documented ECS namely, "eye closure" "eye closed/fixation off sensitivity with or without scotosensitivity". Out of 52 patients, 25 (48.1%) were females. Age at onset of epilepsy was ranging from 2 days postnatal to 36 years with a mean of 10.26 AE 7.79 years. Age at evaluation ranged from 1 to 40 years with a mean of 17.5 AE 10.1 years. More than 90% of cohort had epilepsy onset in childhood (below 18 years of age). Thirty seven patients were classified into the idiopathic group (71.2%) and 15 patients (28.8%) into the symptomatic group. Detailed comparison of idiopathic and symptomatic subgroups is presented in Table 1 . 3.2. Clinical data 3.2.1. Historical visual sensitivity Seven patients (13%) patients had history of co-existent clinical photosensitivity. This included 4 patients with idiopathic etiology and 3 with symptomatic epilepsy with history of precipitation of seizures on exposure to bright light, change in light and playing video games. However, only one patient had history of scotosensitive seizures, precipitated on 'lights-off'. History favoring auras or eyelid myoclonias were historically noted in 19 (36.5%). Focalonset seizures with impaired awareness and generalized-onset seizures (including GTCS or absences) were noted in 39 patients (75%) respectively. Family history of epilepsy was noted in 9 (17.3%) patients. Types of seizures in the family members of probands were as follows: GTCS with eyelid myoclonias (n = 2), visual sensitive focal-onset seizures with impaired awareness (n = 3), myoclonic seizures (n = 1) and febrile seizures (n = 3). All patients with positive family history belonged to the idiopathic group, except one patient with a family history of photosensitive seizure subtype and tremor suggestive of a progressive form of familial adult myoclonic epilepsy (FAME) [11] . This 23 years old girl presented with history suggestive of myoclonus starting at 17 yrs of age associated with progressive ataxia, disabling cortical tremor with myoclonus and cognitive decline. She was evaluated with a diagnosis of progressive myoclonus ataxia-epilepsy syndrome. The proband demonstrated ECLS and ECLDS as well as photomyoclonic response on EEG along with interictal occipital and generalized polyspikes. She had a brother with an identical history. Cystatin B mutation analysis, evaluation for coeliac disease were negative and skin biopsy (including electron microscopy) did not reveal inclusions; further genetic testing could not be done. Overall, there was no significant association between the presence of family history and syndromic diagnosis (p = 0.197) in the cohort. Distribution of etiologies across the study cohort is described in Table 2 .
Only 5 patients were seizure and aura free for !5 years, of whom 4 had childhood occipital epilepsy (COE)-Gastaut subtype and 1 with symptomatic epilepsy at the time of data analysis. Overall, 58.8% patients included in the cohort had seizure score of less than five however 19 (36.5%) reported frequent (daily-weekly) auras (including eyelid myoclonia without absences). Seven (13.5%) had a seizure frequency of 1-4/year with a seizure score of five and 16 (30.8%) had a seizure score of more than five. One patient with non-progressive encephalopathy and photosensitive occipital lobe epilepsy (OLE) of presumed genetic etiology who had both types of ECS developed life threatening status epilepticus followed by hypoxic ischemic encephalopathy. Expectedly, seizure score was significantly lower in idiopathic group as compared to symptomatic group (p = < 0.001).
Pharmacotherapy at the time of EEG
44.2% patients were on monotherapy, 28.8% on 2 anti-epileptic drugs and 25% were on three or more drugs and only one patient was not on any drug. There was no significant association between the number of drugs and seizure score at presentation across the cohort (p = 0.371).
Radiological data
MRI brain was done in 28 (51.9%) patients that included 13/15 (80%) symptomatic epilepsy patients. and 15/37 (40.5%) idiopathic epilepsy patients. Additionally, 2 patients underwent CT Brain which demonstrated gliosis. MRI demonstrated structural lesions in 9/15 (60%) patients in the symptomatic group (Table 2) and none in the idiopathic group. Among the 4 patients with MRI negative symptomatic ECS epilepsy, two patients had mental subnormality with IQ ranging from 54 to 68. Epileptogenic lesions included posterior cortex gliosis (with ECLDS/FOS), heterotopias (ECLDS/ FOS), lissencephaly (with ECLS), posterior temporal cavernoma (ECLDS/FOS) and hypothalamic hamartoma (with ECLDS); generalized cortical-cerbellar atrophy was noted in one patient of FAME and in one patient of Lafora body disease (PME) (with all ECS parameters satisfied).
EEG data (Table 3)
A preponderance of posterior cortex spikes was noted in nearly 90% of the cohort with a tendency for bilateral distribution. Extraoccipital spikes (centro-parietal, fronto-temporal and multifocal) were noted in 44.2% of the cohort. Generalized IEDs were noted in 28.8%. Sleep record was available in 84.6% of cases which revealed consistent activation of IED in 51.9% with marked activation constituting at least 50% of the sleep record in 17.3% of patients. 80.6% of patients in the idiopathic group had marked sleep activation of IEDs whereas it was observed in only 19.4% patients with symptomatic etiology (p = 0.015). Features favoring symptomatic generalized epilepsy were evident in both the PME and FAME patients .
Eye-condition triggered visual sensitivity parameters
ECLS, ECLDS, combination of both, co-existent scotosensitivity and photosensitivity were noted in 32.7%, 48.1%, 19.2%, 23.1% and 30.8% of the cohort respectively. The epilepsy syndrome associations are demonstrated in Table 3 . Exclusive ECLS was predominated by eyelid myoclonia with absences (29.4% of ECLS) (EMA; Jeavon's syndrome) and reflex OLE without photosensitivity which may represent a subtype of EMA (29.4%) followed by idiopathic photosensitive occipital lobe epilepsy (IPOE; 17.6%). Isolated ECLDS was dominated by patients COE-Gastatut variant (36% of ECLDS), OLE with structural cause (32%) and reflex OLE with ECLDS/FOS (24%). Combination of both parameters were more frequent in IPOE (33% of patients with combination) followed by symptomatic OLE who were MRI negative (25%) including the patients with PME and FAME (who had no evidence of any focal lesions but had generalized cortico-cerebellar atrophy). The latter two patients demonstrated PS and SS was noted in the PME patient. We tried to explore the association of eye closure, eye closed sensitivity with distribution of spikes. There was a greater risk of developing eye closed sensitivity in the presence of a focal distribution of IED. For posterior cortex IED, the RR was 1.350, CI (1.080, 1.688) and for extra-occipital IED (centroparietal, frontal and temporal) with a combined RR of 2.070, CI (1.190, 3.598) . Maximum association of ECS parameters with PS (N = 16; 30.8% of the cohort) was seen with eye-closure (75%) as compared to eyeclosed state (37.5%). Table 4 demonstrates the comparisons between ECLS, FOS and the mixed groups. It also reveals a significantly higher propensity for ECLS to be associated with PS and generalized spikes. Table 5 demonstrates the differences between patients with and without PS. It reveals a significantly higher predisposition of ECS-PS for female gender, ECLS, generalized seizures and generalized IED with higher prevalence of FOS and extra-occipital spikes in ECS without PS.
Discussion
PS and pattern-sensitivity have been extensively studied in the literature [2, 5] . Detailed description of other visual sensitive phenomenon such as those associated with different eyeconditions has not been extensively [6] [7] [8] 11 ] discussed. Ours is unique study exploring visual parameters distinct from PS in various epilepsies and we have attempted to investigate its signature electro-clinical characteristics.
Studies on humans and experimental models such as Guinea baboons (Papio papio) reveal that fronto-rolandic cortex and occipital cortex are responsible for generating the abnormal reflexes leading to PS [12] [13] [14] . Visual afferents to fronto-rolandic cortex are controlled by occipital cortex. Occipital lobe excitation by decreased level of GABA can induce generalized seizures when the spread is supra-sylvian and focal-onset seizures when the propagation pathway is infra-sylvian [4] . FOS/ECLDS seems to represent the expression of a marked imbalance of cortical excitability towards an enhanced excitatory transmission leading to occipital hyperexcitability, although the precise location or minimum threshold volume of hyperexcitable occipital required to develop FOS remains unknown [7] . Defective glutamatergic and GABAergic pathways are believed to determine occipital cortex hyperexcitability observed in FOS [15, 16] . The occipital paroxysms associated with ECLD and FOS, are usually bilateral and synchronous because they are activated in bilateral occipital cortex by a sudden interruption of central fixation-pathways which are unlikely to be driven by a thalamic pacemaker [17] [18] [19] . However around 19 .2% of our cohort demonstrated strictly unilateral IEDs which is not surprising considering the prevalence of symptomatic epilepsy. Magnetoencephalography based studies have demonstrated the origin of dipoles not only over the mesiobasal occipitotemporal cortex but also over the cingulate regions [20] . Correlating with the results of our cohort, patients with ECS without PS had a higher prevalence of FOS and extra-occipital IEDs indicating a more diffuse epileptogenic network. This has been further verified in EEG-fMRI studies wherein transition from the eyes open to closed state co-activates the primary visual cortex and extra-striate areas, predominating over the parieto-occipital cortex with networks over the superior, basifrontal regions and anterior cingulate cortex [21] . Presence of photo and scotosensitivity have been suggested to signify cortical hyperexcitability in both magno and parvocellular pathways [7, 17] . It is also of interest to note that 21.2% of our cohort had reflex OLE with ECLDS/ECLS without PS. It is evident in literature that this reflex epilepsy while more prominent in Gastatut-type COE as seen in our study, may also include pure and distinctive forms of FOS with cryptogenic generalized epilepsy as well as in some patients with genetic generalized epilepsy and PS [22, 23] . As these patients in our cohort could not be classified into any specific syndrome in view of atypical age at onset, refractoriness of auras and brief seizures to AED therapy, they are represented here under idiopathic reflex epilepsy phenotype (Tables 2 and 3 ). The visual cortex also plays an important role in ECLS with PS as seen in Jeavon's syndrome [24] . It has been proposed that the epileptic network for eye-lid myoclonia with absences is triggered by the intensity of light which alters the volume of the occipital cortex, thereby reducing the threshold for activating the epileptic cortex. The network involves the brainstem to produce eyelid myoclonias and when the discharges spread to the frontocentral cortex/supplementary motor areas via either transcortical or thalamocortical pathways, generalized spike-polyspike and waves along with PS that are the signature of eyelid myoclonia with absences result [24, 25] . In our idiopathic group, findings of both focal interictal and ictal posterior-predominant and generalized IEDs could be explained by this proposed mechanism. EEG-fMRI (functional MRI) revealed visual cortex, thalamic/pulvinar as well as saccadic-pursuit pathway blood oxygen level-dependent (BOLD) changes during ictal and interictal generalized spike and waves in patients with ECLS [26, 27] . Given the prevalence of patients who had a combination of both ECS parameters in our cohort, it may be noted that conversion from ECLD to ECLS has been described [28] . This indicates that the well-understood thalamocortical mechanisms ingrained by a genetic determinant may have a say. Taken together, these findings suggest that ECS might have spatially distinct neuro-circuitry as compared to PS with the source over the occipital cortex and a sink involving thalamocortical/reticular pathways although the syndromic associations can be disparate.
Though the age of onset in this cohort varied from few days of birth to third decade, the mean age of onset in the idiopathic subgroup was towards the later part of the first decade, corresponding to the group of epilepsies resembling benign childhood susceptibility syndromes. This is further supported by the finding that more than 90% of the cohort had age at onset of epilepsy in childhood. The higher prevalence of ECS with PS noted in females in our cohort is similar to what isreported in both PS and ECLS individually [6, 18] . Seizure semiology of patients with 'ECS' epilepsy consisted of visual auras (subjective symptoms), tonic and versive seizures, autonomic seizures in addition to the expected eyelid myoclonia, with or without absences, limb myoclonus and GTCS. Focal and generalized semiology in reflex photosensitive epilepsies is often described with IPOE, indicating that EMA, IPOE and genetic generalized epilepsies with photosensitivity have a common seizure propagation network [24] . The ECS component with the trademark eye-lid myoclonia with absences, induced by eye closure or by IPS, is observed in several common forms of idiopathic, symptomatic, and cryptogenic epilepsy syndromes, either generalized or focal occipital [4] . This was also seen in our cohort wherein nearly two-third of patients with ECLS had either Jeavon's syndrome or reflex OLE without PS. In addition to EMA, ECLS has been reported also in juvenile myoclonic epilepsy (JME), in IGE with tonic-clonic seizures, in juvenile absence epilepsy, and in IPOE, the latter sub-group forming a significant subset of our idiopathic cohort [29, 30] . Surprisingly, we encountered only 1 patient with JME, probably because a majority of our patients at the time of inclusion were children/adolescents or were on medications which may potentially suppress myoclonic jerks/generalized discharges. Subsequent evolution of our patients with ECLS epilepsy into JME or other presumed genetic generalized epilepsies is possible. FOS has also been reported in patients with EMA [29] . Some cases of EMA overlapping with JME have been reported, thus favouring a thin-line dividing the two syndromes and a potential common genetic basis [31] . This is best exemplified in familial case-studies, eg. siblings of children with generalized photoparoxysmal responses are more likely to have similar abnormality as compared to those of normal children [32, 33] . In our study, family history was present in 9 patients; largely in the idiopathic group. A pictorial example of twins with reflex fixation-off sensitive OLE and prominent eyelid myoclonia is provided in Fig. 2a&b . Among the presumed genetic cohort, two sisters with visual sensitive epilepsies additionally deserve special mention. The elder sister with an age of onset at 17 years presented with polymorphic seizures that included focal-onset non-motor seizures with impaired awareness, myoclonic jerks, secondary generalized seizures and eyelid fluttering episodes during evening hours. EEG data revealed multifocal and occipital dominant generalized discharges with ECLS, PS and ECLDS; VEEG documented focal-onset seizures with impaired awareness and versive eye deviation of diffuse EEG onset precipitated by eyes closed state as shown in Fig. 3 . Her younger sister at age of 14 years had history suggestive of characteristic visual sensitivity -precipitation of GTCS while changing dress caused by sudden change in exposure of light when the cloth obscures vision for a few secondssuggesting auto-induction. Her VEEG data revealed generalized discharges without any occipital discharges and showed only ECLS favoring EMA. Both the sisters have been advised modification of lifestyle with special precautions during precipitating events and valproate monotherapy. This familial case is exemplary in depicting the spectrum of clinical and EEG features in affected siblings and strongly supports genetic basis for the differential expression of these visual sensitive phenomena with two idiopathic phenotypes present in the siblings viz. IPOE and EMA which is a part of genetic generalized epilepsy syndromes.
EEG demonstrable PS, seen in 30.8% of our cohort, can be incidentally demonstrated in normal population in around 0.5-5% [4] . There are however no studies regarding EEG prevalence of eyecondition triggered visual sensitivities in a normal population. In frontal regions followed by generalized polyspikes with periods of attenuation of background activity corresponding with myoclonic status. Patient recovered following introduction of valproic acid and withdrawal of oxcarbazepine with persistence of eyes closed sensitivity as demonstrated in sibling 1. Fig. 3 . 17 years old girl with reflex occipital epilepsy with eye-condition sensitivity and positive family history; EEG in average referential montage (sensitivity 7 micrV/mm) demonstrating a complex partial seizure triggered by eyes closed state. This shows occipital paroxysms manifesting as diffuse polymorphic alpha-like rhythms at 7-8 Hz better expressed over the left occipital region intermixed with bisynchronous spike components. Bottom figure shows an ictal correlate of diffuse attenuation with low voltage fast activity commencing over O1-O2 channels which evolves as generalized fast activity corresponding to versive eye deviation to the right side.
our study, 69.2% patients had at least one ECS parameter (ECLS, ECLDS/FOS) without associated photosensitivity. More than 3/4th of these patients belonged to the idiopathic category suggesting that eye-condition sensitivity has a presumed genetic predilection and phenotypic homogeneity could render normal probands in each family to demonstrate subclinical FOS/ECLDS during familial studies.This provides a valuable measure for endophenotyping similar to photosensitivity [32] . Evidence for a genetic basis for EMA has been drawn from studies describing concordant monozygotic twins and epilepsy in relatives of patients with EMA, wherein phenotypic heterogeneity appears to be the rule as is seen in genetic epilepsy febrile seizure plus syndromes [32, 34] . This needs further exploration and confirmation in a large cohort with genome wide association studies to identify its genetic basis.
We tried to explore the relationship of eye-closure, eye-closed sensitivity with distribution of spikes. We found that there was a higher RR of having focal IED when ECLDS was present and a high RR to have generalized spikes in the presence of co-existent photosensitivity. This can be argued upon as a sampling bias, as those with presence of occipital spikes are more likely to be investigated for visual sensitive parameters during the EEG. Some of the characteristic and well known features such as presence of secondary generalized IED along with posterior cortex/occipital IED (around 90% in our study) and marked activation in sleep, especially in the idiopathic sub-group, were observed in our study also [19] . Although the symptomatic group constituted a minority (<30%), gliosis formed the dominant substrate followed MRI negative patients in this group. Thus ulegyria and focal scars in the posterior cortex also mandate investigation for visual sensitive parameters as these may impact surgical outcome even in patients with unilateral pathology. ECLDS/FOS in symptomatic epilepsies has been reported with brain lesions such as cortical dysplasia, calcifications of coeliac disease and can be explained by a process of cortical deafferentiation [22, 35] . The accompanying visual impairment noted in the symptomatic group could alter the threshold for hyperexcitability in relation to centre-surround phenomena due to the effect of amblyopia on the occipital cortex, with isolation of these areas leading to denervation supersensitivity [36, 37] .
Therefore we propose a possibility of two subgroups of epilepsies in the study cohort: 1) With ECS and associated photosensitivity versus ECS without associated photosensitivity, as well as 2) idiopathic and symptomatic ECS epilepsies. The dichotomy of visual sensitive epilepsies in such a manner may suggest varied electroclinical patterns, refractoriness to drug and probably complex genetic inheritance as has been proposed recently with respect to benign childhood epilepsy with centrotemporal spikes [38] . With around 30% of the cohort having a seizure score of >5 at presentation (despite symptomatic epilepsies being in a minority) and disabling auras/eyelid myoclonias noted in vast majority of patients (36.5%), ECS has a guarded prognosis with regard to seizure outcome although patients with low seizure score were significantly more in the idiopathic group as compared to symptomatic group. This may be due to the ubiquity of the inciting stimulus, i.e variations in light intensity and triggers such as sleep deprivation, television, mobile phone and video game usage. We have demonstrated that assessment of these sensitivities during activation procedures of EEG recordings should be a routine procedure. The therapeutic significance of identification of ECS cannot be underrated however, in light of the example depicted in Fig. 2a&b wherein the familial probands with idiopathic epilepsy demonstrated response to valproic acid, with a propensity for exacerbation on sodium channel-blockers such as oxcarbazepine as has been documented previously [39] . On the other hand it has been shown in a large prospective study on PS in an IGE cohort that there was poor correlation between demonstration of photoparoxysmal response before the beginning of therapy and the subsequent clinical and EEG evolution of the seizure type, thereby suggesting that syndromic diagnosis is paramount rather than the mere demonstration of ECS parameters [40] . While it is evident that ECS portends reflex epileptogenicity, it is uncertain whether persistence of these parameters or duration of ECLS/ECLDS on followup impacts seizure outcome, however this concern also exists with PS [40] . As visual sensitive epilepsies imply PS (or specific visual triggered sensitivity like video game epilepsy) in the literature, we propose the use of terminology of "eye-condition visual sensitive epilepsy". It emphasizes our purpose of studying the hitherto under-reported phenomenon, which we consider is distinct from photosensitivity and deserves equal emphasis in the classification of visual sensitive epilepsy.
Conclusions
Epilepsy with eye-condition triggered visual sensitivity is a form of reflex epilepsy of idiopathic or symptomatic etiology, though its prevalence is more evident in an idiopathic epilepsy cohort. ECS epilepsy may form a unique subgroup as compared to photosensitive visual epilepsy based on seizure semiology, independent existence of ECS visual parameters distinct from PS, higher odds of association between specific electrophysiological parameters and ECS visual parameters and probable spatially distinct underlying neurocircuitry. Idiopathic subgroup of visual sensitive epilepsies are characterized typically by propensity for sleep activation of IEDs and significantly lower seizure scores as compared to symptomatic subgroup which is predominated by posterior cortex scars or MRI occult substrates. Idiopathic OLE (Gastaut variant), reflex OLE with ECS, and IPOE dominated the idiopathic subgroup in our study cohort followed by genetic generalized epilepsies. ECS associated with PS has a female predilection, more frequent association with ECLS, generalized spikes and generalized-onset seizures whereas patients without PS have a higher propensity for FOS and extra-occipital spikes on EEG.
Sources of support
No grants, equipments or drugs used in this study.
Declarations of interest
Kalyani Dilip Karkare, Ramshekhar N Menon, Ashalatha Radhakrishnan, Ajith Cherian & Sanjeev V Thomas have no declarations of interest.
